The karyotypes of six species from the genus Hymenolepis (platyhelminthes, cestoidea) / by Monaloy, Stephen E.,
72-9044
MONALOY, Stephen Emanuel, 1941-
THE KARYOTYPES OF SIX SPECIES FROM THE GENUS 
HYHENOLEPIS (PLATYHELMINTHES, CESTOIDEA).
The University of Oklahoma, Ph.D. , 1971 
Zoology
University Microfilms, A XEROX Company, Ann Arbor, Michigan
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED
THE UNIVERSITY OF OKLAHOIIA 
GRADUATE COLLEGE
THE KARYOTYPES OF SIX SPECIES FROM THE GENUS 
HYMENOLEPIS (PLATYHELMINTHES, CESTOIDEA)
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  r e q u i r e m e n t s  f o r  t h e
d e g r e e  o f  
DOCTOR OF PHILOSOPHY
BY
STEPHEN E. MONALOY 
Norman, Oklahoma 
1971
THE KARYOTYPES OF SIX SPECIES FROM THE GENUS 
HYMENOLEPIS (PLATYHELMINTHES. CESTOIDEA)
APPROVED BY
DISSERTATION COMMITTEE
PLEASE NOTE:
Some P a g e s  h a v e  i n d i s t i n c t  
p r i n t .  F i l m e d  a s  r e c e i v e d .
UNIVERSITY MICROFILMS
ACKNOWLEDGEMENTS
I w i s h  t o  e x p r e s s  my s i n c e r e s t  t h a n k s  t o  Dr.  J .  Teague  
S e l f  n o t  o n l y  f o r  d i r e c t i n g  my g r a d u a t e  t r a i n i n g  a n d  r e s e a r c h ,  
f o r  t h e  u s e  o f  h i s  p h o t o m i c r o g r a p h i c  e q u i p m e n t ,  f o r  t h e  u s e  o f  
any  o t h e r  e q u ip m e n t  o r  m a t e r i a l s  t h a t  I n e e d e d ,  and  f o r  e d i t ­
i n g  t h i s  t h e s i s :  b u t  a l s o  f o r  s t a n d i n g  by me i n  t i m e s  o f  
t r o u b l e  e v e n  a t  h i s  i n c o n v e n i e n c e .  He h a s  h a d  a p r o f o u n d l y  
b e n e f i c i a l  e f f e c t  on my l i f e .
I am v e r y  g r a t e f u l  t o  t h e  o t h e r  mem bers  o f  my com­
m i t t e e ,  Dr .  G e r a l d  B r a v e r ,  D r .  H a r l e y  P .  Brown, a n d  D r .  E. C. 
S m i th  f o r  t h e i r  g u i d a n c e  a nd  w i l l i n g n e s s  t o  h e l p  a t  any  t im e  
t h r o u g h o u t  my g r a d u a t e  t r a i n i n g .
I am m o s t  a p p r e c i a t i v e  f o r  t h e  c o u n s e l  o f  D r .  Gary 
S c h n e l l  c o n c e r n i n g  t h e  n e c e s s a r y  s t a t i s t i c s  f o r  my t h e s i s .
I t h a n k  A. Dean S t o c k  a n d  D r .  Jam es  R. E s t e s  f o r  t h e  
b e n e f i t  o f  t h e i r  wisdom a n d  e x p e r i e n c e  w h i l e  I was w o r k in g  on 
my r e s e a r c h .
T h e r e  a r e  no w o rd s  f o r  me t o  e x p r e s s  a l l  t h e  t h a n k s  
t h a t  my w i f e ,  V i c k i ,  d e s e r v e s  f o r  h e r  e n d l e s s  p a t i e n c e  and 
u n d e r s t a n d i n g ,  a nd  f o r  h e l p i n g  me w i t h  p a r t s  o f  my t h e s i s  
w o rk .
I l l
TABLE OF CONTENTS
Page
LIST OF T A B L E S................................................................................................  v
LIST OF ILLUSTRATIONS.................................................................................  v i
INTRODUCTION .....................................................................................................  1
MATERIALS AND METHODS.................................................................................  6
DESCRIPTION OF PLATES.................................................................................  9
OBSERVATIONS .....................................................................................................  31
DISC USSION..........................................................................................................  37
CONCLUSIONS..........................................................................................................  h5
LITERATURE CITED ...........................................................................................  hy
IV
LIST OF TABLES
T a b l e Page
I . C o m p a r a t i v e  Mean 
o f  H y m e n o le p is
L e n g th s
d i m i n u t a
o f Chromosomes
17
I I . C o m p a r a t i v e  Mean 
o f  H y m e n o le p is
L e n g t h s  o f  
m i c r o s t o m a .
Chromosomes
18
I I I . C o m p a r a t i v e  Mean 
o f  H y m e n o le p i s
L e n g th s  
n a n a . .
o f Chromosomes
19
IV. C o m p a r a t i v e  Mean 
o f  H y m e n o le p is
L e n g th s
c i t e l l i
o f Chromosomes
20
V. C o m p a r a t i v e  Mean 
o f  H y m e n o le p is
L e n g th s  o f  Chromosomes 
f a r c i m i n o s a  ......................... 21
V I . C o m p a r a t i v e  Mean 
o f  H y m e n o le p is
L e n g th s  
s p .  . .
o f Chromosomes
22
V I I . C o m p a r a t i v e  Mean L e n g th s  
o f  Each S p e c i e s .  . . .
o f Chromosomes
23
V I I I . C o m p a r a t i v e  Mean L e n g th s o f Chromosomes 1 . . 24
IX. C o m p a r a t i v e  Mean L e n g th s o f Chromosomes 2 ,  . 2 5
X. C o m p a r a t i v e  Mean L e n g th s o f Chromosomes 3- . 26
X I . C o m p a r a t iv e  Mean L e n g th s o f Chromosomes 4 .  . 27
X I I . C o m p a r a t iv e  Mean L e n g th s o f Chromosomes 5. . 28
X I I I . C o m p a r a t i v e  Mean L e n g th s o f Chromosomes 6 . . 29
XIV. C o m p a r a t i v e  Mean L e n g th s o f Chromosome
C o u n t e r p a r t s  B e tw een  S p e c i e s 30
LIST OF ILLUSTRATIONS
P l a t e  Page
I .  K a r y o t y p e s  o f  H y m e n o le p i s  d i m i n u t a ..............................  10
I I .  K a r y o t y p e s  o f  H y m e n o le p is  m i c r o s t o m a .........................  11
I I I .  K a r y o t y p e s  o f  H y m e n o le p is  n a n a ........................................  12
IV. K a r y o t y p e s  o f  H y m e n o le p is  c i t e l l i  ............................... 13
V. K a r y o t y p e s  o f  H y m e n o le p i s  f a r c i m i n o s a ..................... 1*+
VI. K a r y o t y p e s  o f  H y m e n o le p is  s p ..............................................  15
V I I .  P h o t o m i c r o g r a p h s  o f  M i t o t i c  M e ta p h a s e  
Chromosome f ro m  C l e a v i n g  Embryo o f
H y m e n o le p is  d i m i n u t a .............................................................  16
VI
THE KARYOTYPES OF SIX SPECIES FROM THE GENUS 
HYMENOLEPIS (PLATYHELMINTHES, CESTOIDEA)
INTRODUCTION
K a r y o t y p e s  a r e  o f t e n  v a r i a n t  among r e l a t e d  s p e c i e s .  
K a r y o t y p e  e v o l u t i o n  p r o b a b l y  h a s  b e e n  e x t e n s i v e  a n d  c o m p lex ,
i n v o l v i n g  s t r u c t u r a l  ch rom osom al  r e a r r a n g e m e n t s  a n d  t h e i r
c o n s e q u e n c e s .  D e s p i t e  i t s  b e i n g  one  o f  t h e  m o s t  i m p o r t a n t  
a s p e c t s " o f  t h e  w h o le  e v o l u t i o n a r y  p r o c e s s ,  t h e  r o l e  o f  k a r y o ­
t y p e  e v o l u t i o n ,  a nd  t h e  r e a s o n s  i t  h a s  t a k e n  d i f f e r e n t  c o u r s e s  
i n  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s  i s  s t i l l  n o t  c l e a r .
J o n e s  (1 9 ^ 5 )  d e s c r i b e d  t h e  chromosomes o f  n i n e  s p e c i e s  
f r o m  t h e  f a m i l y  H y m e n o l e p i d i d a e . He d e t e r m i n e d  t h e  number o f  
chrom osomes t o  be  10 and  12 d i p l o i d ,  a n d  t h a t  t h e  m o r p h o l o g i e s  
o f  t h e  n i n e  r e p r e s e n t a t i v e  s p e c i e s  f r o m  t h e  f a m i l y  showed c o n ­
s i d e r a b l e  u n i f o r m i t y ,  s u g g e s t i n g  t h a t  t h e  H y m e n o le p id i d a e  c o n ­
s t i t u t e  a  hom ogeneous  g r o u p .  The m o r p h o lo g y  o f  t h e  hymeno-
l e p i d s  i s  q u i t e  u n i f o r m ,  a n d  t h e  f a m i l y  h a s  few g e n e r a  w h ic h ,
h o w e v e r ,  c o n t a i n  many s p e c i e s .  E c o l o g i c a l  d a t a  s u p p o r t  t h i s  
u n i f o r m i t y  h y p o t h e s i s ,  m o s t  s p e c i e s  o f  t h e  f a m i l y  b e i n g  p a r a ­
s i t e s  o f  s h o r e  o r  w a t e r  b i r d s .  S i n c e  t h e r e  i s  c o i n c i d e n c e  o f  
u n i f o r m i t y  f ro m  m o r p h o l o g i c a l  a n d  e c o l o g i c a l  d a t a ,  one  would
1
2e x p e c t  c y t o l o g i c a l  u n i f o r m i t y  t o  fo rm  a  p a r t  o f  a  n a t u r a l  
s y s t e m  o f  c l a s s i f i c a t i o n  f o r  t h i s  f a m i l y .
W a l to n  (1959)  s t a t e d  t h a t ,  f ro m  c y t o l o g i c a l  r e c o r d s ,  
t h e  C e s t o d a  do n o t  d e m o n s t r a t e  any  d e f i n i t e  ch rom osom al  
t a x o n o m ic  p a t t e r n s  above  t h e  s p e c i e s  l e v e l ,  a n d  t h a t  s t u d i e s  
o f  chrom osomal  n u m b e r s ,  s t r u c t u r e ,  o r  b e h a v i o r  do n o t  s u b ­
s t a n t i a t e  t h e  b e l i e f  t h a t  t h e  C y c l o p h y l l i d e a  a r e  p r o b a b l y  t h e  
m o s t  s p e c i a l i z e d  among t h e  C e s t o d a .
J o n e s  (1 9 ^5 )  was t h e  f i r s t  t o  s t u d y  t h e  chromosomes 
o f  H y m e n o le p is  d i m i n u t a . At t h a t  t im e  he  s t a t e d  t h a t  t h e  
chromosome num ber  was p r o b a b l y  a d i p l o i d  num ber  o f  1 2 ,  b u t  
h i s  r e s u l t s  w e r e  n o t  c o n c l u s i v e  b e c a u s e  o f  f i x a t i o n  p r o b l e m s .
K i s n e r  (1962)  p r e p a r e d  a c e t o - o r c e i n  s q u a s h e s  o f  s e ­
l e c t e d  r e g i o n s  o f  t h e  s t r o b l l a  o f  H. d i m i n u t a  c o n t a i n i n g  d e ­
v e l o p i n g  e m b r y o s .  The c h ro m oso m es ,  r a n g i n g  i n  s t a g e  f ro m  
l a t e  p r o p h a s e  t o  e a r l y  a n a p h a s e  w e re  draw n by c a m e ra  l u c i d a .  
He c o n c l u d e d  t h a t  t h e  n o r m a l  2N num ber  was 12 ,  t h u s  c o n f i r m ­
in g  w h a t  J o n e s  r e p o r t e d  i n  19^5* He a l s o  f o u n d  f ro m  o b s e r v a ­
t i o n s  o f  t h e  chromosome movement  d u r i n g  a n a p h a s e  t h a t  a l l  t h e  
chromosomes w e re  a c r o c e n t r i c .  He c o n s t r u c t e d  a n  i d i o g r a m  
b a s e d  on t h e  a v e r a g e  l e n g t h s  o f  t h e  chromosomes f rom  s e v e n ­
t e e n  c e l l s  w h ic h  w ere  a s su m e d  t o  be  i n  f i r s t  c l e a v a g e .  The 
a v e r a g e  l e n g t h  i n  m ic r o n s  f o r  e a c h  p a i r ,  was a s  f o l l o w s :  7 ,
5 . 5 , 5, 5) ^ . 5 , and  3:  i n  o t h e r  w o rd s  one p a i r  o f  l o n g
chrom osom es ,  f o u r  p a i r  o f  medium l e n g t h  ch rom osom es ,  a n d  one 
p a i r  o f  s h o r t  ch rom osom es .  One o f  t h e  medium l e n g t h
3chrom osomes was shown t o  be  s l i g h t l y  s h o r t e r  t h a n  t h e  o t h e r s  
i n  t h i s  g r o u p .  He a l s o  s t a t e d  t h a t  t h e  chrom osom es  seemed 
t o  d e c r e a s e  i n  l e n g t h  p r o g r e s s i v e l y  w i t h  e a c h  s u c c e e d i n g  d i ­
v i s i o n .  O c c a s i o n a l l y  he o b s e r v e d  a  c e l l  i n  w h i c h  t h e r e  a p ­
p e a r e d  t o  be  one  l e s s ,  o r  one  more t h a n  t h e  n o r m a l  n u m b er .
D o u g la s  ( 1 9 6 1 ) w r o t e  t h a t  d u r i n g  c l e a v a g e  t h e  number  
o f  s e p a r a t e  chromosome u n i t s  was r e d u c e d  f r o m  12 t o  6 i n  H. 
d i m i n u t a . He h y p o t h e s i z e d  t h a t  s o m a t i c  p a i r i n g  o f  h om ologous  
chromosomes w o u ld  e x p l a i n  t h i s  r e d u c t i o n .  I t  i s  my o p i n i o n  
t h a t  e x t r u s i o n  o f  chromosomes d u r i n g  p r e p a r a t i o n  i s  p r o b a b l y  
t h e  e x p l a n a t i o n  f o r  t h e  r e d u c t i o n  i n  t h e  num ber  o f  d i s c e r n ­
a b l e  ch rom osom al  u n i t s .  D o u g la s  n e g a t e s  t h e  p o s s i b i l i t y  o f  
ch rom osom al  e x t r u s i o n  by s t a t i n g  t h a t  h e  l o o k e d  a t  a  l a r g e  
num ber  o f  c e l l s  a n d  n e v e r  saw e x t r u d e d  c h ro m oso m es .  B u t  i t  
w o u ld  be  e x t r e m e l y  u n l i k e l y  t h a t  e x t r u d e d  chrom osomes w o u ld  
r e m a i n  c l o s e  e n o ug h  t o  t h e i r  c e l l  o f  o r i g i n  t o  be o b s e r v e d  
i n  a  sm e a r  o r  s q u a s h  p r e p a r a t i o n .  D o u g la s  (196 1 )  a l s o  s t a t e s  
t h a t  "The i m p o r t a n c e  o f  s o m a t i c  p a i r i n g  t o  s u r v i v a l  o f  t h e  
s p e c i e s  i s  e v i d e n t  p r o v i d e d  i t  e n h a n c e s  s o m a t i c  c r o s s i n g  
o v e r .  S o m a t i c  c r o s s i n g  o v e r  i n  g e r m i n a l  t i s s u e  n e a r  t h e  
s c o l e x  c o u l d  p r o v i d e  f o r  p h e n o t y p i c  v a r i a t i o n  among p r o g l o t -  
t i d s . "
D o u g la s  ( 1 9 6 2 ) i d i o g r a m e d  t h e  chromosome p a i r s  o f  H. 
d i m i n u t a  i n  t h e  f o l l o w i n g  m a n n e r :  t h r e e  s h o r t  ch rom osom es ,
two o f  medium l e n g t h ,  and  one  l o n g e r  t h a n  t h e  o t h e r s .  He 
i d e n t i f i e d  chromosome num ber  1 b e c a u s e  o f  i t s  l o n g  l e n g t h
1+
and  s m a l l  s a t e l l i t e ,  chromosome num bers  2 and  3 b e c a u s e  o f  a 
s e c o n d a r y  c o n s t r i c t i o n  n e a r  one  e nd ,  chromosome number h b e ­
c a u s e  o f  t h e  s a t e l l i t e  w h ic h  i s  c o n s i d e r a b l y  s e p a r a t e d  f r o m  
t h e  r e s t  o f  t h e  chrom osom e,  chromosome num ber  5 b e c a u s e  o f  
i t s  s h o r t  l e n g t h  a n d  t a p e r e d  s h a p e ,  and  chromosome num ber  6 
b e c a u s e  i t  i s  s h o r t  and  s l i g h t l y  b e n t  on  i t s  l o n g  a x i s .  He 
i d i o g r a m e d  and s t u d i e d  t h e  chromosome s t r u c t u r e  d u r i n g  
p r o p h a s e  a n d  p r o m e t a p h a s e  o f  t h e  f i r s t  c l e a v a g e  d i v i s i o n  
when t h e  m ale  and  f e m a l e  chromosomes a r e  s t i l l  s e p a r a t e .  He 
s t a t e s  t h a t  i n  no  o t h e r  s t a g e  i n  t h i s  o r g a n i s m ' s  l i f e  h i s t o r y  
t h u s  f a r  exam ined  i s  t h e  chrom osom al  s t r u c t u r e  so  c l e a r l y  d e ­
f i n e d  .
D o u g la s  (1 9 6 2 )  and  K i s n e r  (1962)  p r o b a b l y  d i f f e r  i n  
t h e i r  r e s u l t s  b e c a u s e  n e i t h e r  o f  them s t a n d a r d i z e d  t h e i r  
l e n g t h  m e a s u r e m e n t s  and D o u g la s  had  a  l a r g e r  sa m p le  s i z e  t h a n  
d i d  K i s n e r .
H o s s a i n  a n d  J o n e s  (1 9 6 3 )  s t u d i e d  t h e  chromosomes o f  
H. m i c r o s t o m a  i n  F e u l g e n  s t a i n e d  s q u a s h  p r e p a r a t i o n s  o f  germ  
c e l l s  and  e a r l y  e m b r y o s .  They fo u n d  t h e  c e n t r o m e r e s  t o  be  
t e r m i n a l  and  t h e  chromosomes t o  o c c u r  i n  a  d i p l o i d  num ber  o f
12. F o u r  p a i r s  w e r e  s h o r t ,  one  p a i r  o f  medium l e n g t h ,  a n d  
one p a i r  o b v i o u s l y  l o n g e r  t h a n  t h e  o t h e r s .  They o b s e r v e d  
some l i g h t l y  s t a i n e d  r e g i o n s  n e a r  one e n d  o f  t h e  chromosome 
i n  some m e t a p h a s e  f i g u r e s .  T h e s e  r e g i o n s  w e re  b e l i e v e d  n o t  
t o  be s u b t e r m i n a l  c e n t r o m e r e s  b e c a u s e  t h e i r  s t u d i e s  o f  
a n a p h a s e  f i g u r e s  showed a l l  chromosomes to  be r o d  s h a p e d .
5T h e r e f o r e ,  t h e y  s u g g e s t e d  t h a t  t h e s e  a r e  h e t e r o c h r o m a t i c  r e ­
g i o n s  w h i c h  e x t e n d  f ro m  t h e  t e r m i n a l  c e n t r o m e r e s .
H. n a n a  a l s o  h a s  a  n o r m a l  d i p l o i d  number  o f  12 r o d  
s h a p e d  chrom osom es ,  t h e r e  b e i n g  a  c y t o l o g i c a l  v a r i a n t  w i t h  a  
d i p l o i d  com plem ent  o f  10 r o d  s h a p e d  chromosomes ( J o n e s  and  
C i o r d i a ,  1955) -  I n  a d d i t i o n  t o  t h e i r  ch rom osom al  s i m i l a r ­
i t i e s ,  H. n a n a  and  H. m i c r o s t o m a  a l s o  r e s e m b l e  e a c h  o t h e r  
m o r p h o l o g i c a l l y .
H o s s a i n  a nd  J o n e s  (1 9 6 3 )  n o t e d  t h a t  t h e  chromosomes 
o f  H. m ic r o s t o m a  c o n fo r m  t o  t h e  p a t t e r n  o f  chromosome number  
and  fo rm  o b s e r v e d  by J o n e s  (1 9 ^ 5 )  i n  o t h e r  s p e c i e s  o f  
H y m e n o l e p i s . The n o r m a l  p a t t e r n  h a s  a  d i p l o i d  number  o f  12, 
t h e  e x c e p t i o n s  b e i n g  t h e  c y t o l o g i c a l  v a r i a n t  o f  H. n a n a  w i t h  
a 2N num ber  o f  10 a n d  H. f r a t e r n a  w h ic h  a l s o  h a s  a 2N number  
o f  10 i n c l u d i n g  one  m e t a c e n t r i c  chromosome. T e r m i n a l ,  s u b ­
t e r m i n a l  and m e d ia n  c e n t r o m e r e s  h a v e  a l s o  b e e n  f o u n d  i n  t h e  
chromosomes o f  H y m e n o le p is  s p p .
I n  a d d i t i o n  t o  t h e  s p e c i e s  d i s c u s s e d  a b o v e  my work  
i n c l u d e s  f o r  th e  f i r s t  t im e  s t u d i e s  o f  H y m e n o le p i s  c i t e l l i  
f rom  C i t e l l u s  t r i d e c e m l i n e a t u s , H. f a r c i m i n o s a  f rom  S t u r n u s  
v u l g a r i s , and H. s p .  ( p o s s i b l y  H. m i c r o c i r r o s a  o r  H- 
p l a n e s t i c i ) f rom  T u r d u s  m i g r a t o r i u s .
MATERIALS AND METHODS
L a b o r a t o r y  m i c e ,  Mus mus c u i u s w e r e  u s e d  a s  t h e  d e ­
f i n i t i v e  h o s t s  o f  H y m e n o le p is  d i m i n u t a , H. n a n a , a nd  H. 
m i c r o s t o m a . T r i b o l i u m  confusum  was th e  i n t e r m e d i a t e  h o s t .
H. c i t e l l i  was c o l l e c t e d  f ro m  C i t e l l u s  t r i d e c e m ­
l i n e a t u s  , t h e  t h i r t e e n  l i n e d  g r o u n d  s q u i r r e l .  T r i b o l i u m  
c o n fu s u m  was i n f e c t e d  w i t h  t h e  e g g s  f ro m  H. c i t e l l i , a n d  
when c y s t i c e r c o i d s  d e v e l o p e d  i n  t h e  b e e t l e  t h e y  w e re  u s e d  t o  
i n f e c t  C r i c e t u s  a u r a t u s , t h e  g o l d e n  h a m s t e r .  C r i c e t u s  
a u r a t u s w e re  u s e d  a s  d e f i n i t i v e  h o s t s  b e c a u s e  o f  t h e  e a s e  
w i t h  w h i c h  t h e y  c o u l d  be k e p t  a n d  h a n d l e d  i n  t h e  l a b o r a t o r y .
H y m e n o le p is  f a r c i m i n o s a  a n d  H. s p .  w e re  c o l l e c t e d  
f ro m  t h e  s t a r l i n g ,  S t u r n u s  v u l g a r i s , and  f ro m  t h e  r o b i n ,  
T u rd u s  m i g r a t o r i u s , r e s p e c t i v e l y .  S e c t i o n s  o f  tapew orm s w ere  
s t u d i e d  f o r  i d e n t i f i c a t i o n ,  an d  t h e  e g g s  c o n t a i n i n g  c l e a v i n g  
s t a g e s  f rom  m a t u r e  p r o g l o t t i d s  w e r e  u s e d  f o r  k a r y o t y p i n g .  
P l a t e  VII  shows p h o t o m i c r o g r a p h s  o f  m i t o t i c  m e t a p h a s e  ch rom o­
somes f ro m  c l e a v i n g  e m bry os .  P l a t e  I ,  f i g u r e  f ,  i s  t h e  
k a r y o t y p e  o f  t h e s e  ch rom osom es.
The c e s t o d e s  w e re  k e p t  a l i v e  d u r i n g  t h e  c o l l e c t i o n  
and  p r e t r e a t m e n t  p e r i o d .  P r e t r e a t m e n t  was by i n c u b a t i o n  f o r
7two h o u r s  i n  a  0.1% c o l c h i c i n e  s a l i n e  s o l u t i o n  a t  37 C and 
t h e n  f o r  t e n  m i n u t e s  i n  a  h y p o t o n i c  s o l u t i o n  o f  1.0% sod ium  
c i t r a t e .  The c o l c h i c i n e  a r r e s t e d  c e l l  d i v i s i o n  a t  m e t a p h a s e ,  
t h e r e b y  p r o v i d i n g  m ore  t h a n  t h e  n o r m a l  number  o f  m e t a p h a s e  
f i g u r e s  f o r  s t u d y .  The h y p o t o n i c  s o l u t i o n  s p r e a d  a n d  s w e l l e d  
t h e  chromosomes t h u s  d i s p e r s i n g  them f o r  e a s y  s t u d y .  The 
tapeworms w e re  f i x e d  f o r  f i f t e e n  m i n u t e s  i n  a  3 :1  s o l u t i o n  o f  
m e t h y l  a l c o h o l  to  a c e t i c  a c i d .  A f t e r  f i x a t i o n ,  t h e  s t r o b i l a  
was s l i c e d  w i t h  a r a z o r  b l a d e  i n  60% a c e t i c  a c i d .  C e l l s  and  
e g g s  t h u s  r e l e a s e d  i n  t h e  a c e t i c  a c i d  w e re  k e p t  i n  i t  f o r  n o t  
more t h a n  f i v e  m i n u t e s .  W i t h i n  t h e  f i v e  m i n u t e s  t h e  egg and  
c e l l  s o l u t i o n  was d r o p p e d  w i t h  a  p a s t e u r  p i p e t t e  o n t o  a  s l i d e  
w h ic h  h a d  b e e n  s o a k e d  i n  c o l d  a b s o l u t e  e t h y l  a l c o h o l .  When 
t h e  d r o p  h i t  t h e  c o l d  s l i d e ,  t h e  e g g s  and c e l l s  d i s p e r s e d  
o u tw a rd  a n d  were  f l a m e  f i x e d  t o  t h e  s l i d e s .  They w e re  
s t a i n e d  w i t h  G iemsa.  M ic ro sc o p y  a n d  p h o t o g r a p h y  w e re  p e r ­
fo rm ed  w i t h  a  Z e i s s  S t a n d a r d  RA R o u t i n e  and  R e s e a r c h  M ic ro ­
sc o p e  e q u i p p e d  w i t h  a n  a d a p t e r  h o l d e r  and b e l l o w s  f o r  4 "  x  5" 
p l a t e s .  The f i l m  u s e d  was h i g h  c o n t r a s t  k o d a k  o r t h o  f i l m  
(ASA-50) .  P i c t u r e s  w e r e  t a k e n  a t  a  m a g n i f i c a t i o n  o f  1 ,000X 
( o i l  im m e rs io n )  and  t h e  n e g a t i v e s  w e re  e n l a r g e d  1 . 51X on t h e  
p r i n t  p a p e r .  Thus t h e  t o t a l  e n l a r g e m e n t  o f  t h e  o r i g i n a l  
chromosomes was 1 ,510X .
The " S t u d e n t - N e u m a n - K e u l s - T e s t , " S o k a l  a n d  R o h l f  
( 1969)5  was u s e d  t o  r a n k  and d e m o n s t r a t e  s i g n i f i c a n t  l e n g t h  
d i f f e r e n c e s  b e tw ee n  i n t r a s p e c i f i c  chromosomes a n d  a l s o
8b e tw e e n  i n t e r s p e c i f i c  ch rom osom es .  M easu rem en ts  o f  t h e  
chrom osomes w e re  t a k e n  i n  mm. f ro m  t h e  k a r y o t y p e s .  The 
m e a s u r e m e n t s  w e re  made on t h e  p r i n t s  w i t h  a  mm r u l e  a l o n g  t h e  
c e n t r a l  a x i s  o f  t h e  ch rom osom es .  Each  c u r v e  was m e a s u r e d  i n  
i n c r e m e n t s  o f  s t r a i g h t  l i n e s ,  w h i c h  w e re  summed up  i n  o r d e r  
to  know t h e  l e n g t h s  o f  t h e  c h ro m o so m es ,  i n c l u d i n g  t h e i r  
c u r v e s .  The e n t i r e  l e n g t h s  o f  a l l  t h e  chromosomes o f  a  
k a r y o t y p e  w e r e  t o t a l e d .  T h i s  r e s u l t  was t h e n  d i v i d e d  i n t o  
e a c h  i n d i v i d u a l  ch rom osom al  l e n g t h  t o  g e t  a  c o r r e c t e d  v a l u e  
f o r  e a c h  chromosome. The c o r r e c t e d  v a l u e s  w e re  a v e r a g e d  and 
t h e s e  a v e r a g e s  w e re  com pared  w i t h  t h e  SNK T e s t .
DESCRIPTION OF PLATES 
P l a t e  I ,  f i g u r e s "  a  -  f
K a r y o t y p e s o f  H y m e n o le p is d i m i n u t a  (1 ,5 1  OX)
P l a t e I I ,  f i g u r e s a  -- f
K a r y o t y p e s o f H y m e n o le p is m i c r o s t o m a  (1 ,5 1 0 X )
P l a t e I I I ,  f i g u r e s f a -  f
K a r y o t y p e s o f H y m e n o le p is n a n a  ( 1 , 510X)
P l a t e IV, f i g u r e s ^ a  -- f
K a r y o t y p e s o f  H y m e n o le p is c i t e l l i  (1 ,5 1  OX)
P l a t e V, f i g u r e s ^  :a - f
K a r y o t y p e s o f H y m e n o le p is f a r c i m i n o s a  (1 ,5 lO X )
P l a t e VI,  f i g u r e s ^ a  ■- f
K a r y o t y p e s o f H y m e n o le p is s p .  ( I , 5 1 0 X )
P l a t e  V I I ,  P h o t o m i c r o g r a p h s  o f  M i t o t i c  M e tap h a se  Chromosomes 
f ro m  C l e a v in g  Embryo o f  H y m e n o le p is  d i m i n u t a  ( 1 ,5 lC X )
^Each f i g u r e  r e p r e s e n t s  t h e  k a r y o t y p e  o f  t h e  m i t o t i c  
m e t a p h a s e  chromosomes f ro m  a c e l l  o f  a  c l e a v i n g  embryo o f  a  
d i f f e r e n t  p a r e n t .
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TABLE I
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES
OF HYMENOLEPIS DIMINUTA
Chromosome
Number N
C o r r e c t e d
Mean V a r i a n c e
1 12 0 . 1 2 0 2 0 . 0 0 0 5
2 1 2 r, nncQw . w y y w 0 . 0 0 0 2
3 1 1 0 .0 8 5 1 0 .0 0 0 1
h 12 0 . 0 8 0 3 0 .0 0 0 1
5 1 1 0 . 0 6 7 6 0 . 0 0 0 0
6 1 1 0 . 0 5 4 2 0 .0 0 0 1
Maximum N o n s i g n i f i c a n t  R anges
S u b s e t Chromosome Number
1 2 3
2 3 4
Legend;
Chromosome L e n g th s E x p r e s s e d  As R a t i o  =
L en g th  o f Each Chromosome i n  mm
T o t a l  L e n g th  o f  A l l  Chromosomes i n  mm
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TABLE I I
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES
OF HYMENOLEPIS MICROSTOMA
Chromosome
Number N
C o r r e c t e d
Mean V a r i a n c e
1 12 0 . 1 2 5 3 0 .00 0 1
2 12 0 . 1 0 8 5 0 .0 0 01
3 12 0 . 0 7 8 8 0 .0 0 0 1
4 12 0 . 0 7 2 7 0 .0 0 0 0
5 12 0 . 0616 0 .0 0 01
6 12 0 . 0 5 3 2 0 .0 0 0 0
A l l  Means S i g n i f i c a n t l y  D i f f e r e n t
Legend:
Chromosome L e n g t h s  E x p r e s s e d  As R a t i o  =
L e n g th  o f  E ach  Chromosome i n  mm_______
T o t a l  L e n g th  o f  A l l  Chromosomes i n  mm
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TABLE I I I
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES
OF HYMENOLEPIS NANA
Chromosome
Number N
C o r r e c t e d
Mean V a r i a n c e
1 12 0 . 1 1 8 2 0 . 0 0 0 4
2 12 0 . 0 9 1 8 0 .0 0 0 1
3 12 0 . 0 8 1 4 0 .0 0 0 1
4 1 12 0 . 0 7 6 3 0 .0 0 0 1
5 12 0 .0 7 0 1 0 . 0 0 0 0
6 12 0 . 0 6 2 2 0 . 0 0 0 0
Maximum N o n s i g n i f i c a n t  R anges
S u b s e t Chromosome Number
1 3 4
2 4 5
3 5 6
Legend:
Chromosome L e n g th s  E x p r e s s e d  As R a t i o  =
L en g th  o f  Each Chromosome i n  mm________
T o t a l  L ength  o f  A l l  Chromosomes i n  mm
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TABLE IV
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES
OF HYMENOLEPIS CITELLI
Chromosome
Number N
C o r r e c t e d
Mean V a r i a n c e
1 12 0 .1 3 1 1 0 .0 0 01
2 12 0 . 0 8 8 8 0 .0 0 0 0
12 0 . 0 7 8 2 0 .0 0 01
4 12 0 . 0 7 0 3 0 .00 0 1
5 12 0 . 0 7 0 3 0 .0 0 01
6 12 0 . 0 5 8 2 0 .0 0 0 0
Maximum N o n s i g n i f i c a n t  R anges
S u b s e t Chromosome Number
1 3 4
2 ^  5
Legend:
Chromosome L e n g t h s  E x p r e s s e d  As R a t i o  =
L en gth  o f  Each Chromosome i n  mm_______
T o t a l  L en gth  o f  A l l  Chrom osom es in  mm
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TABLE V
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES
OF HYMENOLEPIS FARCIMINOSA
Chromosome
Number N
C o r r e c t e d
Mean V a r i a n c e
1 10 0 . 0 9 7 0 0 .0 0 0 1
2 9 0 . 0 9 6 4 0 .0 0 0 1
3 10 0 . 0 9 1 3 0 . 0 0 0 0
i+ 9 0 .0 7 7 2 0 .0 0 0 1
5 10 0 . 0 7 3 0 0 .0 0 0 1
6 9 0 . 0 6 2 5 0 . 0 0 0 0
Maximum N o n s i g n i f i c a n t  R a n g es
S u b s e t Chromosome Number
1 1 3
2 4 5
Legend:
Chromosome L e n g th s  E x p r e s s e d  As R a t i o  =
L en g th  o f  Each Chromosome i n  mm________
T o t a l  L en gth  o f  A l l  Chrom osom es i n  mm
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TABLE VI
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES
OF HYMENOLEPIS SP .
Chromosome
Number N
C o r r e c t e d
Mean V a r i a n c e
1 2 0 .1 5 6 2 0 . 0 0 0 5
2 2 0 . 0 8 5 9 0 .0 0 0 1
3 2 0 .0 7 8 1 0 . 0 0 0 5
4 2 0 . 0 7 0 3 0 .0 0 0 1
5 2 0 . 0 5 8 6 0 . 0 0 0 0
6 2 0 . 0 5 0 8 0 . 0 0 0 0
Maximum N o n s i g n i f i c a n t  R an ges
S u b s e t Chromosome Number
1 2 6
Legend:
Chromosome L en g th s  E x p r e s s e d  As R a t i o  =
L en gth  o f  Each Chromosome in  mm _____ _
T o ta l  L en gth  o f  A l l  Chrom osom es i n  mm
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TABLE V II
COMPARATIVE MEAN LENGTHS OF CHROMOSOME
OF EACH SPECIES
Chromosomes
S p e c i e s
A B C D E F
1 .1202 .1253 .1 1 8 2 .1311 .0 9 70 .1 562
2 .0 9 58 . 1 0 8 5 .0 9 18 .08 8 8 . 0 9 6 4 .0 85 9
3 .0851 .0788 . 0 8 l 4 .0782 .0 9 1 3 .0781
.0803 .0727 ^0763 .0703 .0 77 2 .0703
5 .0676 . 0 6 1 6 .0701 1 .0703 .0730 .0586
6 .0542 .0 5 32 .0622 . 0 5 8 2 . 0 6 2 5 .0 50 8
Legend :
Chromosome L e n g th s  E x p r e s s e d  a s  R a t i o  =
L e n g th  o f  Each  Chromosome i n  mm_______
T o t a l  L en g th  o f  A l l  Chromosomes i n  mm
V e r t i c a l  L in e s  R e p r e s e n t  Maximum N o n s i g n i f i c a n t  Ranges
U n d e r l i n e d  Numbers d e s i g n a t e  Medium L en g th  Range
A = H y m e n o le p is  d i m i n u t a
B = H y m e n o le p is  m i c r o s t o m a
C = H y m e n o le p is  n a n a
D = H y m en o le p is  c i t e l l i
E = H y m e n o le p is  f a r c i m i n o s a
F = H y m e n o le p is  s p .
2h
TABLE V I I I
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES 1
S p e c i e s C o r r e c t e d
Number N Mean V a r i a n c e
5 9 0 . 0 9 7 0 0 .0 0 0 1
3 12 0 . 1 1 8 2 0 . 0 0 0 4
1 12 0 . 1 2 0 2 0 . 0 0 0 5
2 12 0 .1 2 5 3 0 .0 0 0 1
4 12 0 . 1 3 1 ; 0 .0 0 0 1
Maximum N o n s i g n i f i c a n t  R anges
S u b s e t S p e c i e s  Number
1 3 1+
Legend:
Chromosome L e n g th s  E x p r e s s e d  As R a t i o  =
L e n g th  o f  Each  Chromosome i n  mm_______
T o t a l  L e n g th  o f  A l l  Chromosomes i n  mm
1 = H y m e n o le p i s  d i m i n u t a
2 = H y m e n o le p is  m i c r o s t o m a
3 -  H y m e n o le p is  n a n a
h = H y m e n o le p is  c i t e l l i  
5 = H y m e n o le p i s  f a r c i m i n o s a
2 5
TABLE IX
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES 2
S p e c i e s
Number N
C o r r e c t e d
Mean V a r i a n c e
4 12 0 .0 8 8 8 0 .0 0 0 0
3 12 0 . 0 9 1 8 0 .0 0 0 1
1 12 0 .0 9 5 8 0 . 0 0 0 2
5 10 0 . 0 9 6 4 0 .0 0 0 1
2 12 0 . 1 0 8 5 0 .0 0 01
Maximum N o n s i g n i f i c a n t  R an ges
S u b s e t S p e c i e s  Number
1 5 5
Legend :
Chromosome L e n g th s  E x p r e s s e d  a s  R a t i o  =
L e n g th  o f  Each Chromosome i n  mm_______
T o t a l  L en g th  o f  A l l  Chromosomes i n  mm
1 -  H y m en o le p is  d i m i n u t a
2 = H ym e n o le p is  m i c r o s t o m a
3 = H ym en o lep is  n a n a
4 = H y m en o lep is  c i t e l l i
5 = H ym en o le p is  f a r c i m i n o s a
2 6
TABLE X
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES 3
S p e c i e s
Number N
C o r r e c t e d
Mean V a r i a n c e
h 12 0 .0 7 8 2 0 .00 0 1
2 12 0 .0 7 8 8 0 .0 0 0 1
3 12 0 .0 8 1 4 0 .00 0 1
1 11 0 .0851 0 .0 0 0 1
5 10 0 .0 9 1 3 0 .0 0 0 0
Maximum N o n s i g n i f i c a n t  R a n g es
S u b s e t S p e c i e s Number
1 L 1
2 1 5
Legend:
Chromosome L e n g th s  E x p r e s s e d  a s  R a t i o  =
L e n g th  o f  Each Chromosome i n  mm_______
T o t a l  L e n g th  o f  A l l  Chromosomes i n  mm
1 = H y m e n o le p is  d i m i n u t a
2 = H y m e n o le p is  m ic r o s t o m a
3 = H y m e n o le p is  n a n a
•+ = H y m e n o le p is  c i t e l l i  
5 = H y m e n o le p is  f a r c i m i n o s a
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TABLE XI
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES h
S p e c i e s
Number N
C o r r e c t e d
Mean V a r i a n c e
2 12 0 . 0 7 2 7 0 . 0 0 0 0
h 12 0 . 0 7 3 4 0 . 0 0 0 0
3 12 0 .0 7 6 3 0 .0 0 0 1
5 9 0 .0 7 7 2 0 .0 0 0 1
1 12 0 .0 8 0 3 0 .0 0 0 1
Maximum N o n s i g n i f i c a n t  R anges
S u b s e t S p e c i e s  Number
1 2 1
L egend:
Chromosome L e n g th s  E x p r e s s e d  a s  R a t i o  =
L en g th  o f  Each  Chromosome i n  mm_______
T o t a l  L e n g th  o f  A l l  Chromosomes i n  mm
1 = H y m e n o le p is  d i m i n u t a
2 = H y m e n o le p is  m ic r o s t o m a
3 = H y m e n o le p is  n a n a
4 = H y m e n o le p is  c i t e l l i
5 = H y m e n o le p is  f a r c i m i n o s a
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TABLE X II
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES 5
S p e c i e s
Number N
C o r r e c t e d
Means V a r i a n c e
2 12 0 . 0 6 1 6 0 .0 0 0 1
11 0 . 0 6 7 6 0 . 0 0 0 0
12 0 .0 7 0 1 0 .0 0 0 1
4 12 0 . 0 7 0 3 0 .0 0 0 1
5 10 0 . 0 7 3 0 0 . 0 0 0 !
Maximum N o n s i g n i f i c a n t  Ranges
S u b s e t S p e c i e s  Number
1 2 4
2 1 5
Legend:
Chromosome L e n g th s  E x p r e s s e d  a s  R a t i o  =
L en g th  o f  Each  Chromosome i n  mm_______
T o t a l  L e n g th  o f  A l l  Chromosomes i n  mm
1 = H y m e n o le p is  d i m i n u t a
2 = H y m e n o le p is  m ic r o s t o m a
3 = H y m e n o le p is  n a n a
L- -  H y m e n o le p is  c i t e l l i  
5 = H y m e n o le p is  f a r c i m i n o s a
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TABLE X I I I
COMPARATIVE MEAN LENGTHS OF CHROMOSOMES 6
S p e c i e s
Number N
C o r r e c t e d
Mean V a r i a n c e
2 12 0 . 0 5 3 2 0 . 0 0 0 0
1 11 0 . 0 5 4 2 0 .0 0 0 1
4 12 0 . 0 5 8 2 0 . 0 0 0 0
3 12 0 . 0 6 2 2 0 . 0 0 0 0
5 9 0 . 0 6 2 5 0 . 0 0 0 0
Maximum N o n s i g n i f i c a n t  R anges
S u b s e t S p e c i e s  Number
1 2 h
2 4 5
L egend:
Chromosome L e n g th s  E x p r e s s e d  a s  R a t i o  =
L e n g th  o f  Each Chromosome i n  mm
T o t a l  L e n g th  o f  A l l  Chromosomes i n  mm
1 = H y m e n o le p is d i m i n u t a
2 = H y m e n o le p is m i c r o s t o m a
3 = H y m e n o le p is n a n a
h  = H y m e n o le p is c i t e l l i
5 = H y m e n o le p is f a r c i m i n o s a
TABLE XIV
COMPARATIVE MEAN LENGTHS OF CHROMOSOME COUNTERPARTS* BETWEEN SPECIES
Chromosomes
S p e c i e s 1 2 3 4 5 6
H y m e n o le p is  f a r c i m i n o s a < A , B , C , D < B > B , C , D >B > A ,B
H y m e n o le p is  m i c r o s t o m a > E > A , C , D , E < E < E < C , E
H y m e n o le p is  d i m i n u t a > E < B < E < C , E
H y m e n o le p is  n a n a > E < B < E < E > A,B
H y m e n o le p is  c i t e l l i > E < B < E < E < C , E ujo
Legend :
= chromosomes o f  same num ber  
> = l o n g e r  t h a n  
< = s h o r t e r  t h a n
A = H y m e n o le p i s  d i m i n u t a  
B = H y m e n o le p i s  m i c r o s t o m a  
C -  H y m e n o le p is  n a n a  
D = H y m e n o le p is  c i t e l l i  
E = H y m e n o le p is  f a r c i m i n o s a
OBSERVATIONS
The c e n t r o m e r e  o n  a  t e l o c e n t r i c  chromosome i s  l o ­
c a t e d  a t  one  end  o f  t h e  chromosome;  w h e r e a s  t h e  c e n t r o m e r e  o f  
a n  a c r o c e n t r i c  chromosome i s  p o s i t i o n e d  s l i g h t l y  s u b t e r m i -  
n a l l y ,  l e a v i n g  a  m in u t e  arm on one e nd  and a  l o n g e r  one on 
t h e  o p p o s i t e  s i d e  o f  t h e  c e n t r o m e r e .  The m i n u t e  arm was v e r y
d i f f i c u l t  t o  o b s e r v e  i n  t h i s  work  b e c a u s e  o f  t h e  l a c k  o f
a d e q u a t e  r e s o l u t i o n  a t  t h e  m a g n i f i c a t i o n  r e q u i r e d .  I t  i s  
t h e r e f o r e  o f t e n  d i f f i c u l t  t o  d i s t i n g u i s h  b e tw e e n  t e l e c e n t r i c  
an d  a c r o c e n t r i c  ch rom osom es .  From my o b s e r v a t i o n s  and t h o s e  
i n  t h e  l i t e r a t u r e ,  m o s t  i f  n o t  a l l  o f  t h e  chrom osomes s t u d i e d  
h e r e  a r e  a c r o c e n t r i c .  T h e r e f o r e ,  I am t r e a t i n g  them a l l  a s  
a c r o c e n t r i c .
The m e t a p h a s e  chrom osomes r e p r e s e n t e d  by t h e  k a r y o ­
t y p e s  i n  P l a t e s  I t h r o u g h  VI a r e  num bered  f ro m  t h e  l o n g e s t  
t o  t h e  s h o r t e s t  a s  1 t h r o u g h  6 . A l l  t h e  ch rom osom es a r e  
a c r o c e n t r i c  a s  d e m o n s t r a t e d  by t h e i r  r o d  s h a p e s .  The c h r o ­
m a t i d  arms o f  m o s t  o f  t h e  chromosomes a r e  s p r e a d  180°  a p a r t .
The n o r m a l  d i p l o i d  num ber  i s  12.
The chromosomes o f  a l l  t h e  s p e c i e s  s t u d i e d  a r e  p a r ­
t i t i o n e d  i n t o  t h r e e  m a in  r a n g e s  a c c o r d i n g  to  t h e i r  c o r r e c t e d
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l e n g t h s .  The l i m i t s  o f  t h e s e  r a n g e s  a r e  a r b i t r a r i l y  s e t  a s  
f o l l o w s :  chromosomes w i t h  l e n g t h  r a t i o s  e x c e e d i n g  0 . 1 0 0  a r e  
p l a c e d  i n  t h e  lo n g  l e n g t h  r a n g e ,  chrom osomes w i t h  l e n g t h  
r a t i o s  b e tw e e n  0 . 0 9 9 9  a n d  0 . 0 / 0 0  a r e  p l a c e d  i n  t h e  medium 
l e n g t h  r a n g e ,  and  chrom osomes  w i t h  l e n g t h  r a t i o s  s h o r t e r  
t h a n  0 . 0 7 0 0  a r e  p l a c e d  i n  t h e  s h o r t  l e n g t h  r a n g e .
P l a t e  I ,  f i g u r e s  a  t h r o u g h  f ,  r e p r e s e n t s  t h e  k a r y o ­
t y p e s  f o r  i n d i v i d u a l s  o f  H y m e n o le p is  d i m i n u t a . Each c h r o ­
mosome f o r  t h e s e  k a r y o t y p e s  can  be i d e n t i f i e d  by i t s  l e n g t h ,  
and  chromosome 2 i s  a l s o  d i s t i n g u i s h e d  by a p o s s i b l e  s e c ­
o n d a r y  c o n s t r i c t i o n  ( f i g u r e s  c and d ) .  T hese  c a n  n o t  be 
p o s i t i v e l y  i d e n t i f i e d  a s  s e c o n d a r y  c o n s t r i c t i o n s  b e c a u s e  
t h e y  w e re  o n l y  i n f r e q u e n t l y  o b s e r v e d .
T a b l e  I  c o m p ares  t h e  mean chromosome l e n g t h s  o f  H. 
d i m i n u t a . Chromosome 1 i s  a l o n e  i n  t h e  l o n g  l e n g t h  r a n g e .  
Chromosomes 2 ,  3? and  h a r e  a l l  i n  t h e  medium l e n g t h  r a n g e  
w h e r e  t h e y  a r e  s e p a r a t e d  i n t o  two d i f f e r e n t  l e n g t h  s u b r a n g e s  
w h i c h  o v e r l a p  e a c h  o t h e r  by  b o t h  2 a n d  h o v e r l a p p i n g  c h r o ­
mosome 3* Chromosome 2 i s  s i g n i f i c a n t l y  l o n g e r  t h a n  c h r o ­
mosome U-. Chromosomes 5 a n d  6 c o n s t i t u t e  two s u b r a n g e s  
w i t h i n  t h e  s h o r t  l e n g t h  r a n g e ,  5 b e i n g  s i g n i f i c a n t l y  l o n g e r  
t h a n  6 .
E ach  f i g u r e  on  P l a t e  I I  r e p r e s e n t s  a k a r y o t y p e  o f  a n  
i n d i v i d u a l  o f  H. m i c r o s t o m a . The one c h a r a c t e r i s t i c  d i f f e r ­
e n t i a t i n g  t h e s e  chrom osomes f rom  e a c h  o t h e r  i s  t h e i r  l e n g t h .
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The mean l e n g t h s  o f  t h e  chrom osomes  o f  H. m i c r o s t o m a  
a r e  c o l l a t e d  i n  T a b l e  I I .  T h e r e  a r e  two s i g n i f i c a n t l y  d i f ­
f e r e n t  s u b r a n g e s  w i t h i n  e a c h  o f  t h e  t h r e e  m a in  l e n g t h  r a n g e s .  
Chromosomes 1 and  2 a r e  i n  t h e  l o n g  l e n g t h  r a n g e ,  chromosome 
1 b e i n g  s i g n i f i c a n t l y  l o n g e r  t h a n  2 .  I n  t h e  medium l e n g t h  
r a n g e  chromosome 3 i s  s i g n i f i c a n t l y  l o n g e r  t h a n  4 .  Chromo­
some 5 i s  s i g n i f i c a n t l y  l o n g e r  t h a n  6 i n  t h e  s h o r t  l e n g t h  
r a n g e .  None o f  t h e  r a n g e s  o v e r l a p .
I n d i v i d u a l  k a r y o t y p e s  o f  H. n a n a  a r e  r e p r e s e n t e d  i n  
P l a t e  I I I ,  f i g u r e s  a t h r o u g h  f .  They a r e  d i s t i n g u i s h a b l e  
o n l y  by t h e i r  l e n g t h s ,  e x c e p t  t h a t  i n  t h e  c a s e  o f  chromosome 
2 , w h e re  a  p o s s i b l e  s e c o n d a r y  c o n s t r i c t i o n  ( f i g u r e s  b a n d  f )  
a l s o  o c c u r s .
C o m p ar i so n s  a r e  made b e tw e e n  t h e  mean l e n g t h s  o f  t h e  
chromosomes o f  H. n a n a  i n  T a b l e  I I I .  Only  chromosome 1 f a l l s  
i n  t h e  l o n g  l e n g t h  r a n g e .  The n e x t  f o u r  a r e  i n  t h e  medium 
l e n g t h  r a n g e .  T h ese  a r e  s e g r e g a t e d  i n t o  t h r e e  s u b r a n g e s ,  
two o f  w h ic h  o v e r l a p  e a c h  o t h e r .  Chromosome 2 i s  a l o n e  i n  
i t s  s u b r a n g e  b e i n g  t h e  l o n g e s t .  Chromosome 3 i s  s i g n i f i ­
c a n t l y  l o n g e r  t h a n  5 ? b u t  t h e i r  r e s p e c t i v e  medium s u b r a n g e s  
o v e r l a p  t h a t  o f  4 .  The s h o r t  l e n g t h  r a n g e  i s  o c c u p i e d  by 
chromosome 6 e x c e p t  t h a t  t h e  l a t t e r  i s  n o t  a lw a y s  d i s t i n ­
g u i s h a b l e  f ro m  5 *
P l a t e  IV, f i g u r e s  a  t h r o u g h  f ,  r e p r e s e n t s  i n d i v i d u a l  
k a r y o t y p e s  o f  H. c i t e l l i . The chromosomes c a n  be d i f f e r e n ­
t i a t e d  o n l y  by t h e i r  l e n g t h s .
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T a b l e  IV c o l l a t e s  t h e  mean chromosome l e n g t h s  o f  
t h i s  s p e c i e s .  Only chromosome 1 i s  i n  t h e  l o n g  l e n g t h  r a n g e .  
The medium l e n g t h  r a n g e  i n c l u d e s  ch rom osom es 2 t h r o u g h  5- 
T h e s e  a r e  d i v i d e d  i n t o  t h r e e  s u b r a n g e s ,  2 o c c u p y i n g  t h e  
l o n g e s t  s u b r a n g e ,  3 t h e  m i d d l e  s u b r a n g e ,  a n d  5 t h e  s h o r t e s t .  
F o u r  i s  n o t  a lw a y s  d i s t i n g u i s h a b l e  f ro m  3 o r  5* S i x  i s  t h e  
o n l y  member o f  t h e  s h o r t  l e n g t h  r a n g e .
I n d i v i d u a l  k a r y o t y p e s  o f  H. f a r c i m i n o s a  a r e  i l l u s ­
t r a t e d  on P l a t e  V, f i g u r e s  a  t h r o u g h  f .  The d i s t i n g u i s h i n g  
s t r u c t u r a l  f e a t u r e s  b e tw e e n  t h e  ch rom osom es  o f  t h i s  s p e c i e s  
a r e  t h e i r  l e n g t h s ,  a n d  p o s s i b l e  s e c o n d a r y  c o n s t r i c t i o n s  i n  
chromosomes 1 ( f i g u r e  b)  a n d  2 ( f i g u r e s  b a n d  c ) .
The mean chromosome l e n g t h s  o f  H. f a r c i m i n o s a  a r e  
c o l l a t e d  i n  T a b l e  V. None o f  t h e  chrom osomes  f a l l  i n  t h e  
l o n g  l e n g t h  r a n g e .  Chromosomes 1 t h r o u g h  5 a r e  d i f f e r e n ­
t i a t e d  i n t o  two s u b r a n g e s  w i t h i n  t h e  medium l e n g t h  r a n g e .  
Chromosomes 1 t h r o u g h  3 c o n s t i t u t e  t h e  l o n g e s t  s u b r a n g e ,  and  
h a n d  5 t h e  s h o r t e s t  s u b r a n g e .  The s h o r t  l e n g t h  r a n g e  i n ­
c l u d e s  o n l y  chromosome 6 .
I n  P l a t e  VI ,  f i g u r e s  a  t h r o u g h  c ,  a r e  i l l u s t r a t e d  
t h e  k a r y o t y p e s  o f  H. s p .  Only l e n g t h  d i f f e r e n t i a t e s  th em .
C o m p a r i so n s  among t h e  mean l e n g t h s  o f  t h e  chromosomes 
o f  t h i s  s p e c i e s  a r e  p r e s e n t e d  i n  T a b l e  VI- Chromosome i 
a l o n e  b e l o n g s  i n  t h e  l o n g  l e n g t h  r a n g e .  Two t h r o u g h  6 a r e  
a l l  i n d i s t i n g u i s h a b l e ,  o c c u p y i n g  i n d e t e r m i n a t e l y  b o t h  t h e
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medium and  s h o r t  l e n g t h  r a n g e s .  T h i s  n o n c o n f o r m i t y  i n  t h e i r  
l e n g t h s  i s  c o n s i d e r e d  due  t o  an  i n a d e q u a t e  s a m p le  s i z e .
T a b l e  V II  w i l l  be  m e n t i o n e d  i n  t h e  d i s c u s s i o n .
T a b l e  V I I I  c o l l a t e s  t h e  mean l e n g t h s  o f  chrom osomes 1 
i n t e r s p e c i f i c a l l y .  The c o l l a t i o n  shows t h a t  t h i s  chromosome 
i s  t h e  same l e n g t h  i n  e v e r y  s p e c i e s ,  e x c e p t  i n  H. f a r c i m i n o s a  
i n  w h ic h  i t  i s  s i g n i f i c a n t l y  s h o r t e r  t h a n  i t s  c o u n t e r p a r t s  
i n  t h e  o t h e r  s p e c i e s .
The mean l e n g t h s  o f  chromosome 2 c o u n t e r p a r t s  a r e  
c om pared  among t h e  f i v e  s p e c i e s  s t u d i e d  i n  T a b l e  IX. I t  i s  
t h e  same l e n g t h  i n  e v e r y  s p e c i e s  e x c e p t  t h a t  i n  H. m i c r o s t o m a  
i t  i s  l o n g e r  t h a n  i n  t h e  o t h e r  s p e c i e s .
T a b l e  X shows t h e  c o l l a t i o n s  o f  t h e  mean l e n g t h s  o f
chromosomes 3 f ro m  t h e  s p e c i e s  c o n c e r n e d  i n  t h i s  s t u d y .  T h i s
chromosome i s  l o n g e r  i n  H. f a r c i m i n o s a  t h a n  i n  H. n a n a ,  H. 
m i c r o s t o m a , an d  H. c i t e l l i . H ow ever ,  i t s  l e n g t h  i n  H.
d i m i n u t a  i s  n o t  d i s c e r n i b l e  f r o m  t h a t  i n  a l l  t h e  o t h e r
s p e c i e s .
The c o l l a t i o n s  o f  chrom osomes 4 i n  T a b l e  XI show no 
s i g n i f i c a n t  v a r i a t i o n  i n  l e n g t h  among a l l  f i v e  s p e c i e s .
The i n t e r s p e c i f i c  c o l l a t i o n  o f  t h e  mean l e n g t h s  o f  
chromosomes 5 a r e  d i s p l a y e d  i n  T a b l e  X I I .  T h i s  chromosome 
i s  s i g n i f i c a n t l y  l o n g e r  i n  H. f a r c i m i n o s a  t h a n  i t  i s  i n  H. 
m i c r o s t o m a . I t s  l e n g t h  does  n o t  v a r y  s i g n i f i c a n t l y  among 
H. d i m i n u t a , H. n a n a , a n d  H. c i t e l l i .
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T a b l e  X I I I  c o m p a re s  t h e  mean l e n g t h s  o f  chromosomes 6 
i n t e r s p e c i f i c a l l y . Those  i n  H. f a r c i m i n o s a  a n d  He n a n a  a r e  
s i g n i f i c a n t l y  l o n g e r  t h a n  t h o s e  i n  H. d i m i n u t a  and  H. m i c r o ­
s t o m a . The l e n g t h  o f  t h i s  chromosome i n  H. c i t e l l i  i s  n o t  
d i s t i n g u i s h a b l e  f ro m  t h a t  o f  i t s  c o u n t e r p a r t s  i n  a i l  t h e  
o t h e r  s p e c i e s .
The chromosomes o f  H. s p .  a r e  n o t  i n c l u d e d  b e c a u s e  
t h e  s a m p le  s i z e  i s  t o o  s m a l l .
T a b l e  XIV w i l l  be m e n t i o n e d  i n  t h e  d i s c u s s i o n .
DISCUSSION
My f i n d i n g s  show t h a t  H. d i m i n u t a  p o s s e s s e s  one p a i r  
o f  l o n g  chrom osom es ,  t h r e e  p a i r s  o f  medium l e n g t h  chrom o­
som es ,  a n d  two p a i r s  o f  s h o r t  chromosomes ( T a b l e  I ) .  T h i s  
o b s e r v a t i o n  d i f f e r s  f ro m  t h a t  o f  D o u g la s  ( 1 9 6 2 ) .  He c o u n t e d  
one p a i r  o f  l o n g  ch rom osom es ,  two p a i r s  o f  medium l e n g t h  
ch rom osom es ,  and  t h r e e  p a i r s  o f  s h o r t  ch ro m o so m es .  The d i s ­
c r e p a n c y  b e tw e e n  my r e s u l t s  and  t h o s e  o f  D o u g la s  i s  p r o b a b l y  
due t o  o u r  u s i n g  d i f f e r e n t  m e th o d s  o f  m e a s u r e m e n t s .  He 
s t u d i e d  t h e  chromosomes f ro m  i d i o g r a m s  c o n s t r u c t e d  by d ra w ­
i n g s  made w i t h  t h e  a i d  o f  a  c a m e ra  l u c i d a ,  and  h e  a l s o  d i d  
n o t  s t a n d a r d i z e  h i s  m e a s u r e m e n t s .  D raw ing s  made w i t h  t h e  a i d  
o f  a c a m e ra  l u c i d a  a r e  n o t  a s  a c c u r a t e  a s  p h o t o g r a p h s .  I t  i s  
n e c e s s a r y  t o  s t a n d a r d i z e  m e a s u r e m e n t s  o f  t h e  l e n g t h s  o f  
t h e s e  chromosomes b e c a u s e  t h e y  a r e  d i f f e r e n t i a l l y  c o n d e n s e d  
t h r o u g h o u t  m e t a p h a s e .  I m e a s u r e d  a l l  t h e  chrom osomes f rom  
k a r y o t y p e s  made f rom  p h o t o g r a p h s ,  a n d  t h e i r  l e n g t h  m e a s u r e ­
m e n ts  w e r e  a l l  e x p r e s s e d  a s  t h e  l e n g t h  o f  e a c h  chromosome 
o v e r  t h e  t o t a l  l e n g t h  o f  a l l  t h e  chromosomes o f  t h e  same c e l l  
K i s n e r  (1 9 6 2 )  o b s e r v e d  t h a t  t h e  chrom osomes o f  H. 
d i m i n u t a  w e re  s e g r e g a t e d  i n t o  one  t h a t  was l o n g ,  f o u r  t h a t
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w e re  o f  medium l e n g t h ,  a nd  one t h a t  was s h o r t .  T h i s  o b s e r v a ­
t i o n  a l s o  d o e s  n o t  a g r e e  w i t h  m in e .  He d i d  n o t  s t a n d a r d i z e  
h i s  ch rom osom al  l e n g t h  m e a s u r e m e n t s ,  i n s t e a d  h e  i d i o g r a m e d  
them by c a m e ra  l u c i d a  d r a w i n g s .
I b e l i e v e  f r o m  t h e  a b o v e  c o m p a r i s o n s  o f  m e th o d o l o g y  
t h a t  my m e a s u r e m e n t s  a r e  more a c c u r a t e  t h a n  t h o s e  o f  D o u g la s  
and  K i s n e r .
D o u g la s  ( 1 9 6 1 ) r e p o r t e d  o b s e r v i n g  a  r e d u c t i o n  i n  t h e  
number  o f  chromosome u n i t s  f ro m  12 t o  6 i n  H. d i m i n u t a .
K i s n e r  (1 9 6 2 )  and I o b s e r v e d  a  s m a l l  num ber  o f  c e l l s  w i t h  
b o t h  low  a nd  h i g h  chromosome c o u n t s .  D o u g la s  e x p l a i n e d  t h a t  
t h i s  r e d u c t i o n  was due  t o  s o m a t i c  p a i r i n g .  H ow ever ,  i t  i s  
p o s s i b l e  f o r  a  r u p t u r e d  c e l l  t o  l o s e ,  o r  t o  g a i n  chromosomes 
f ro m  a  n e a r b y  r u p t u r e d  c e l l .  He i d e n t i f i e d  chromosomes 2 a n d  
3 by s e c o n d a r y  c o n s t r i c t i o n s  n e a r  one  e n d ,  w h i l e  I a l s o  f o u n d  
a  s e c o n d a r y  c o n s t r i c t i o n  o n l y  on chromosome 2 ( P l a t e  I ,  f i g ­
u r e s  c a n d  d ) . He r e p o r t e d  t h a t  chromosomes 1 a n d  h h ad  
s a t e l l i t e s  a t  one e n d ,  and  h i s  i d i o g r a m s  show t h e s e  s a t e l ­
l i t e s  t o  be  t e r m i n a l l y  l o c a t e d  on one  c h r o m a t i d  arm o f  e a c h  
chromosome.  The i d e n t i f i c a t i o n  o f  a  s a t e l l i t e  body w ou ld  be 
more c o n v i n c i n g  i f  i t  a p p e a r e d  on b o t h  c h r o m a t i d  a rm s ,  a nd  I 
c o u l d  n o t  i d e n t i f y  a ny  s a t e l l i t e  b o d i e s .
H o s s a i n  and  J o n e s  (1963)  r e p o r t e d  t h a t  H. m ic r o s t o m a  
h a s  one p a i r  o f  lo n g  c h rom o som es ,  one  p a i r  o f  medium l e n g t h  
ch ro m o so m es ,  and  f o u r  p a i r s  o f  s h o r t  ch rom osom es .  I am r e ­
p o r t i n g  two p a i r s  o f  chromosomes i n  e a c h  o f  t h e
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a f o r e m e n t i o n e d  l e n g t h  c a t e g o r i e s  ( T a b l e  I I ) .  My m e a s u r e m e n t s  
seem more r e l i a b l e  b e c a u s e  I c o r r e c t e d  t h e  l e n g t h  m e a s u r e ­
m e n t s  f o r  t h e  c o n t i n u o u s l y  c h a n g i n g  c o n d e n s a t i o n  s t a t e  o f  t h e  
c h r o m a t i n  t h r o u g h o u t  m e t a p h a s e .
H. d i m i n u t a , H. m i c r o s t o m a , H. n a n a , H. c i t e l l i , H. 
f a r c i m i n o s a , and  H. s p .  a p p e a r  t o  h a v e  e x p e r i e n c e d  m o d e r a t e  
ch rom osom al  c h a n g e s  i n  t h e i r  e v o l u t i o n .  They hav e  a c r o ­
c e n t r i c  ch rom osom es ,  a  d i p l o i d  num ber  o f  12 and  a u n i f o r m i t y  
o f  s t r u c t u r e .  H o s s a i n  a n d  J o n e s  (1 9 63 )  s t a t e d  t h a t  t h e r e  
h a v e  b e e n  t e l o c e n t r i c ,  a c r o c e n t r i c ,  a n d  m e t a c e n t r i c  ch rom o­
somes i n  H. s p .  I n  19^+5 J o n e s  r e p o r t e d  t h a t  H. f r a t e r n a  
h a s  a  2N number  o f  10 i n c l u d i n g  one p a i r  o f  m e t a c e n t r i c  
ch ro m o so m e s .  I f  t h i s  p a i r  f r a g m e n t e d  i n t o  two p a i r s  o f  a c r o ­
c e n t r i c  ch rom osom es ,  a  d i p l o i d  num ber  o f  10 w i t h  one  p a i r  o f  
m e t a c e n t r i c  chromosomes c o u l d  i n c r e a s e  t o  a  d i p l o i d  number 
o f  12 w i t h  a l l  a c r o c e n t r i c  ch rom osom es .  Thus a  s p e c i e s  l i k e  
H. n a n a  m i g h t  h a v e  g r a d u a l l y  e v o l v e d  f ro m  a n  a n c e s t o r  l i k e  
H. f r a t e r n a . E v o l u t i o n  c o u l d  a l s o  h a v e  i n v o l v e d  a p r o g r e s s i o n  
i n  t h e  o t h e r  d i r e c t i o n  i f  c e n t r i c  f u s i o n s  o c c u r r e d .  The 
c e n t r i c  f u s i o n s  o f  e a c h  o f  two p a i r s  o f  a c r o c e n t r i c  ch rom o­
somes w ou ld  r e s u l t  i n  one  p a i r  o f  m e t a c e n t r i c  chromosomes and 
a  2N num ber  o f  12 w o u ld  d e c r e a s e  t o  a  2N number  o f  10 .  T h is  
i s  a  p o s s i b l e  e x p l a n a t i o n  o f  J o n e s ' s  f i n d i n g  i n  H. f r a t e r n a .
J o n e s  and  C i o r d i a  (1955)  a l s o  d e s c r i b e d  a  c y t o -  
l o g i c a l  r a c e  o f  H. n a n a  w i t h  a  2N num ber  o f  10 a c r o c e n t r i c  
c h rom osom es .  I t  i s  p o s s i b l e  t h a t  t h e  2N number  c o u l d  hav e
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b e e n  r e d u c e d  by a  c e n t r i c  f u s i o n  f o l l o w e d  by a  p e r i c e n t r i c  
i n v e r s i o n  w h ic h  r e s u l t e d  i n  10 a c r o c e n t r i c  chromosomes o f  
a b o u t  e q u a l  l e n g t h s ,  i f  t h e  c e n t r i c  f u s i o n  i n v o l v e d  two s m a l l  
ch rom osom es .  M a the r  (1953)  s t a t e d  t h a t  low  chromosome num­
b e r s  r e p r e s e n t  a n  a d a p t a t i o n  t o  a l i f e  c y c l e  w i t h  s e v e r a l  o r  
many g e n e r a t i o n s  i n  a  y e a r ,  r e a s o n i n g  t h a t  i f  r e c o m b i n a t i o n s  
v i a  i n d e p e n d e n t  a s s o r t m e n t  w e re  n o t  r e d u c e d  t o  a  low  l e v e l  
i n  s u c h  o r g a n i s m s ,  t h e  h e r e d i t a r y  m echan ism  w ou ld  s u f f e r  t o o  
much f rom t h e  d i s r u p t i v e  i n f l u e n c e s  o f  n a t u r a l  s e l e c t i o n  
a c t i n g  i n  d i f f e r e n t  d i r e c t i o n s  i n  s u c c e s s i v e  g e n e r a t i o n s .  I f  
r e c o m b i n a t i o n  i s  d e c r e a s e d  by t y i n g  t o g e t h e r  g e n i c  m a t e r i a l  
i n t o  f e w e r  u n i t s  o f  t r a n s m i s s i o n ,  t h e n  t h e  e f f e c t s  o f  a  
c h a n g i n g  e n v i r o n m e n t  on s e l e c t i o n  w i l l  be  d e c r e a s e d ,  a nd  a 
w e l l  a d a p t e d  s p e c i e s ,  l i k e  any  o f  t h e  s p e c i e s  i n  t h i s  s t u d y ,  
w i l l  n o t  be c h a n g e d  d r a s t i c a l l y  e v en  th o u g h  g r e a t  c h a n g e s  i n  
t h e  e n v i r o n m e n t  m i g h t  o c c u r .  C e s t o d e s  c e r t a i n l y  a r e  c a p a b l e  
o f  c o m p l e t i n g  s e v e r a l  l i f e  c y c l e s  i n  a  y e a r  and  s i n c e ,  d u r i n g  
t h e i r  l i f e  c y c l e s ,  t h e y  o f t e n  e n c o u n t e r  d r a s t i c  e n v i r o n m e n t a l  
c h a n g e s ,  r e d u c e d  r e c o m b i n a t i o n s  r e s u l t  f ro m  a d e c r e a s e  i n  
t h e i r  chromosome num ber  and  t h e s e  h a v e  p o s i t i v e  s e l e c t i v e  
v a l u e .  These  f a c t o r s  c o u l d  be t h e  key  t o  t h e  e v o l u t i o n  o f  
t h e  f a m i l y  H y m e n o l e p i d i d a e , and  t h e  s p e c i e s  o f  t h e  g e n u s  
H y m e n o le p is  s t u d i e d  h e r e ,  m o s t  o f  w h ic h  h a v e  a  n o r m a l  2N num­
b e r  o f  12 a c r o c e n t r i c  chromosomes a c c o r d i n g  t o  s t u d i e s  made 
t o  d a t e .
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T h ese  c e s t o d e s  a r e  p r o b a b l y  d e p e n d e n t  u p o n  r e c o m b i ­
n a t i o n  w i t h i n  chromosomes f o r  t h e i r  e v o l u t i o n a r y  a d v a n c e s  
b e c a u s e  o f  t h e i r  low chromosome n u m b er .  M a the r  (1 9 5 3 )  p o i n t e d  
o u t  t h a t  s i m i l a r  f a c t o r s  a r e  i m p o r t a n t  i n  t h e  e v o l u t i o n a r y  
a d v a n c e s  o f  D r o s o p h i l a .
T a b l e s  1 t h r o u g h  VI a r e  su m m a r iz e d  i n  T a b l e  V I I ,  
w h i c h  c o l l a t e s  t h e  mean l e n g t h s  o f  t h e  chromosomes f o r  e a c h  
s p e c i e s .  E ach  o f  t h e  s p e c i e s  h a s  a  d i f f e r e n t  num ber  o f  
chrom osomes i n  e a c h  o f  t h e  m a in  l e n g t h  r a n g e s .  T h e s e  d i f ­
f e r e n c e s  s u g g e s t  t h e  p o s s i b i l i t y  t h a t  r e c i p r o c a l  t r a n s l o c a ­
t i o n s  o c c u r r e d  i n  t h e  e v o l u t i o n  o f  e a c h  s p e c i e s .  T h e s e  d i f ­
f e r e n c e s  a l s o  s u p p o r t  t h e  v a l i d i t y  o f  t h e  p r e s e n t  c l a s s i f i ­
c a t i o n  o f  t h e s e  s p e c i e s .
T a b l e s  V I I I  t h r o u g h  X I I I  a r e  su m m ar ized  i n  T a b l e  XIV, 
w h i c h  r e v e a l s  t h e  i n t e r s p e c i f i c  l e n g t h  d i f f e r e n c e s  b e tw e e n  
e a c h  chromosome a n d  i t s  c o u n t e r p a r t s .  T h ese  s p e c i e s  c a n  be 
d i s t i n g u i s h e d  f r o m  e a c h  o t h e r  by c o m p a r in g  t h e  l e n g t h s  o f  
e a c h  o f  t h e i r  chromosomes w i t h  t h e i r  c o u n t e r p a r t s  i n t e r s p e ­
c i f i c a l l y .  I n  H. f a r c i m i n o s a  chromosome 1 i s  s h o r t e r  and  6 
i s  l o n g e r  t h a n  t h e i r  r e s p e c t i v e  c o u n t e r p a r t s  i n  H. d i m i n u t a . 
Chromosomes 1 a n d  2 a r e  s h o r t e r  and  3 ,  5 ,  and  6 a r e  l o n g e r  
t h a n  t h e i r  r e s p e c t i v e  c o u n t e r p a r t s  i n  H. m i c r o s t o m a . C h ro ­
mosome 1 i s  s h o r t e r  and  3 i s  l o n g e r  t h a n  t h e i r  c o u n t e r p a r t s  
i n  H. n a n a . A l s o  chromosome 1 i s  s h o r t e r  and 3 i s  l o n g e r  
t h a n  t h e i r  s p e c i f i c  c o u n t e r p a r t s  i n  H. c i t e l l i . I n  H. m i c r o ­
s to m a  chromosome 2 i s  l o n g e r  t h a n  i t s  c o u n t e r p a r t  i n  H.
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d i m i n u t a , 2 i s  l o n g e r  and  6 i s  s h o r t e r  t h a n  t h e i r  c o u n t e r ­
p a r t s  i n  H. n a n a . Chromosome 2 i s  l o n g e r  t h a n  i t s  c o u n t e r ­
p a r t  i n  H. c i t e l l i . F i v e  a n d  6 a r e  s h o r t e r  a nd  1 an d  2 a r e  
l o n g e r  t h a n  t h e i r  c o u n t e r p a r t s  i n  H. f a r c i m i n o s a . I n  H. 
d i m i n u t a  chromosomes 5 a n d  6 a r e  s h o r t e r  a nd  1 i s  l o n g e r  t h a n  
t h e i r  c o u n t e r p a r t s  i n  H. f a r c i m i n o s a . Chromosome 2 i s  
s h o r t e r  t h a n  i t s  c o u n t e r p a r t  i n  H. m i c r o s t o m a . Chromosome 6 
i s  s h o r t e r  t h a n  i t s  c o u n t e r p a r t  i n  H. n a n a  a nd  3 shows no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  l e n g t h  f r o m  i t s  c o u n t e r p a r t s  i n  
a l l  o f  t h e  o t h e r  s p e c i e s .  I n  H. n a n a  chromosomes 3 and  5 a r e  
s h o r t e r  and  1 i s  l o n g e r  t h a n  t h e i r  s p e c i f i c  c o u n t e r p a r t s  i n  
H. f a r c i m i n o s a . Two i s  s h o r t e r  a n d  6 i s  l o n g e r  t h a n  t h e i r  
r e s p e c t i v e  c o u n t e r p a r t s  i n  H. m i c r o s t o m a  and  6 i s  l o n g e r  
t h a n  i t s  c o u n t e r p a r t  i n  H. d i m i n u t a . I n  H. c i t e l l i  3? 5) 
a nd  6 a r e  s h o r t e r  and  1 i s  l o n g e r  t h a n  t h e i r  c o u n t e r p a r t s  i n  
H. f a r c i m i n o s a , a n d  2 i s  s h o r t e r  t h a n  i t s  c o u n t e r p a r t  i n  H. 
m i c r o s t o m a . S i x  i s  s h o r t e r  t h a n  i t s  c o u n t e r p a r t  i n  H. n a n a . 
The l e n g t h  o f  chromosome k i s  i n t e r s p e c i f i c a l l y  i n v a r i a n t .
The c o l l a t i o n  o f  t h e  mean l e n g t h s  o f  chromosome 
c o u n t e r p a r t s  ( T a b l e  XIV) s u p p o r t s  t h e  p r e s e n t  c l a s s i f i c a t i o n  
o f  H. d i m i n u t a , H. m i c r o s t o m a , H. n a n a , H. c i t e l l i  and  H. 
f a r c i m i n o s a , w h i l e  a t  t h e  same t im e  i n d i c a t i n g  a  c l o s e  r e l a ­
t i o n  b e tw ee n  t h e  s p e c i e s .  H. f a r c i m i n o s a  p a r a s i t i z e s  a v i a n  
h o s t s  as  o p p o se d  t o  t h e  o t h e r  s p e c i e s  w h ic h  p a r a s i t i z e  mam­
m a l i a n  h o s t s .  I t  i s  e x p e c t e d  t h e r e f o r e  t h a t  H. f a r c i m i n o s a  
w o u ld  be c y t o l o g i c a l l y  more  v a r i a n t  f ro m  t h e s e  s p e c i e s  t h a n
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t h e y  w o u ld  be  among t h e m s e l v e s .  C o m p a r i so n  o f  t h e  mean 
l e n g t h s  o f  t h e  i n t e r s p e c i f i c  chromosome c o u n t e r p a r t s  i n  t h i s  
w o rk  t e n d s  t o  v e r i f y  t h i s  p o i n t .  Chromosomes i n  H. 
f a r c i m i n o s a  d i f f e r  more i n  l e n g t h s  f ro m  t h e i r  r e s p e c t i v e  
c o u n t e r p a r t s  i n  a l l  t h e  o t h e r  s p e c i e s  s t u d i e d  t h a n  i s  t h e  
c a s e  f o r  t h e  same chromosomes among t h e  l a t t e r .  H. m i c r o ­
s to m a  i s  a l m o s t  a s  d i s t a n t l y  r e l a t e d  t o  H. d i m i n u t a , H. n a n a , 
a n d  H. c i t e l l i  a s  i s  H. f a r c i m i n o s a . I n  H. m i c r o s t o m a  t h e r e  
a r e ,  h o w e v e r ,  f e w e r  chromosomes t h a n  i n  H. f a r c i m i n o s a  w h ic h  
v a r y  i n  t h e i r  l e n g t h  f ro m  t h e i r  r e s p e c t i v e  i n t e r s p e c i f i c  
c o u n t e r p a r t s .  T h ese  two s p e c i e s  a r e  n o t  c l o s e l y  r e l a t e d  b e ­
c a u s e  i n  e a c h  i t  i s  d i f f e r e n t  chromosomes w h i c h  v a r y  i n  
l e n g t h  f rom  t h e i r  r e s p e c t i v e  c o u n t e r p a r t s  i n  H. d i m i n u t a , H. 
n a n a  and  H. c i t e l l i . T h a t  H. m i c r o s t o m a  i s  so  v a r i a n t  c y t o -  
l o g i c a l l y  i s  n o t  s u r p r i s i n g  b e c a u s e  i t  a l s o  i s  a  p h y s i o ­
l o g i c a l  d e v i a n t .  A d i f f e r e n t  p h y s i o l o g y  i s  r e q u i r e d  f o r  t h e  
s h i f t  f rom  a g u t  t o  b i l e  d u c t  h a b i t a t .  H. d i m i n u t a , H. n a n a , 
a n d  H. c i t e l l i  a p p e a r  t o  be  c l o s e l y  r e l a t e d  c y t o l o g i c a l l y  i n  
t h a t  t h e i r  r e s p e c t i v e  chrom osomes a r e  s i m i l a r  a s  r e v e a l e d  by 
t h e  o b s e r v a t i o n s  e m p lo y ed .  D i f f e r e n c e s  a r e  r e f l e c t e d  i n  
t h a t  chromosome 3 i n  H. d i m i n u t a  i s  s i m i l a r  t o  r a t h e r  t h a n  
b e i n g  s h o r t e r  t h a n  i t s  c o u n t e r p a r t s  i n  H. f a r c i m i n o s a . 
Chromosome 6 i n  H. n a n a  i s  l o n g e r  t h a n  i t s  r e s p e c t i v e  
c o u n t e r p a r t  i n  H. d i m i n u t a  a n d  H. m ic r o s t o m a  and  6 i s  n o t  
s h o r t e r  t h a n  i t s  r e s p e c t i v e  c o u n t e r p a r t  i n  H. f a r c i m i n o s a .
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When t h e  chrom osom al  mean l e n g t h s  a r e  c o l l a t e d  i n t r a -  
s p e c i f i c a l l y  ( T a b l e s  I  t h r o u g h  VI a n d  su m m ar ize d  i n  T a b le  
V I I )  a n d  i n t e r s p e c i f i c a l l y  ( T a b l e s  V I I I  t h r o u g h  X I I I  and  sum­
m a r i z e d  i n  T a b l e  XIV) H. d i m i n u t a , H. m i c r o s t o m a , H. n a n a , H. 
c i t e l l i  and  H. f a r c i m i n o s a  a r e  more t h o r o u g h l y  v e r i f i e d  a s  
d i s t i n c t  s p e c i e s .  The m o r p h o lo g y  o f  t h e  chromosomes f rom  
t h e s e  s p e c i e s  seems c y t o l o g i c a l l y  s t a b l e .  They a r e  a l l  a c r o ­
c e n t r i c  and  r o d  s h a p e d .  The o n l y  m o r p h o l o g i c a l l y  d i s t i n c t i v e  
f e a t u r e s  a r e  p o s s i b l e  s e c o n d a r y  c o n s t r i c t i o n s  on  chromosome 2 
i n  H. d i m i n u t a  ( P l a t e  I ,  f i g u r e s  c a n d  d) a n d  i n  H. n a n a  
( P l a t e  I I I ,  f i g u r e  b ) . A l l  o f  t h e s e  s p e c i e s  p r o b a b l y  b e n e f i t  
by a  low  r a t e  o f  r e c o m b i n a t i o n  v i a  i n d e p e n d e n t  a s s o r t m e n t  b e ­
c a u s e  t h e i r  e n v i r o n m e n t  u n d e r g o e s  d r a s t i c  c h a n g e s  a t  v a r i o u s  
t i m e s  i n  t h e i r  l i f e  c y c l e .
CONCLUSIONS
The k a r y o t y p e s  o f  H. d i m i n u t a , H. m i c r o s t o m a , H. 
n a n a , H. c i t e l l i , a n d  H. f a r c i m i n o s a  s u p p o r t  t h e i r  p r e s e n t  
c l a s s i f i c a t i o n .  The chromosomes o f  e a c h  s p e c i e s  f i t  i n t o  a  
s p e c i f i c  g ro u p  o f  l e n g t h  r a n g e s ,  w h i l e  c e r t a i n  chrom osomes  
d i f f e r  i n  l e n g t h  f r o m  t h e i r  c o u n t e r p a r t s  i n t e r s p e c i f i c a l l y . 
T h i s  i n d i c a t e s  t h a t  i n  t h e  e v o l u t i o n  o f  t h e s e  s p e c i e s  a  num­
b e r  o f  r e c i p r o c a l  t r a n s l o c a t i o n s  c o u l d  h a v e  o c c u r r e d .  R e ­
c i p r o c a l  t r a n s l o c a t i o n s  p r o b a b l y  o c c u r  i n  a  random m a n n e r ,  
b u t  o n l y  t h o s e  t r a n s l o c a t i o n s  w h i c h  h a v e  s u r v i v a l  v a l u e  c a n  
be  o b s e r v e d  i n  k a r y o t y p e  e v o l u t i o n .  Thus t h e  t r e n d s  o f  
k a r y o t y p e  e v o l u t i o n  a r e  o f  a  n o n - ra n d o m  n a t u r e .
The k a r y o t y p e s  o f  t h e  s p e c i e s  o f  t h e  g e n u s  
H v m e n o le p is  s t u d i e d  i n d i c a t e  t h a t  t h e y  a r e  c y t o l o g i c a l l y  
q u i t e  u n i f o r m ,  a s  i s  t h e  c a s e  w i t h  a l l  t h e  members o f  t h e  
f a m i l y  H y m e n o le p id i d a e  s t u d i e d  t o  d a t e .  How ever ,  H v m e n o le p is  
h a s  many s p e c i e s ,  w h i l e  t h e  f a m i l y  H y m e n o le p id i d a e  c o n t a i n s  
f ew  g e n e r a ,  i n d i c a t i n g  t h a t  g e n e t i c  v a r i a t i o n  i s  p r i m a r i l y  
on t h e  s p e c i e s  l e v e l .
W h i te  (1 9 5 7 )  s t a t e d  t h a t  t h e  a n a l y s i s  o f  c y t o t a x o -  
n om ic  d i f f e r e n c e s  i s  e a s i e r  i n  g r o u p s  w h e re  t h e  d i f f e r e n c e s
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a r e  n o t  n u m e ro u s .  The p r o c e s s e s  o f  ch rom osom al  e v o l u t i o n  
a r e  b e s t  u n d e r s t o o d  i n  o r g a n i s m s  w h ic h  show a  l a r g e  d e g r e e  
o f  e v o l u t i o n a r y  s t a b i l i t y .  As l o n g  a s  t h e  num ber  o f  i n d i ­
v i d u a l s  c o m p r i s i n g  a  s p e c i e s  i s  l a r g e ,  t h e r e  i s  a  g r e a t e r  
p r o b a b i l i t y  f o r  c e n t r i c  f u s i o n s  t o  o c c u r  i n  s p e c i e s  w i t h  
m ore  t h a n  one  p a i r  o f  a c r o c e n t r i c  ch rom osom es .  However,  
m o s t  o f  t h e s e  c e n t r i c  f u s i o n s  p r o b a b l y  w o u ld  n o t  s u r v i v e  b e ­
c a u s e  t h e y  m u s t  b e  g e n e t i c a l l y  a d a p t i v e .  I f  t h e  h e t e r o ­
z y g o t e s  i n  t h e i r  m e i o t i c  c o n f i g u r a t i o n s  a r e  m i s - o r i e n t e d ,  
a n e u p l o i d  g a m e te s  w i l l  a r i s e  a n d  t h e  f u s i o n s  c o u l d  n o t  
e s t a b l i s h  t h e m s e l v e s  i n  t h e  genome.  T h e r e  m u s t  n o t  be any 
d e l e t e r i o u s  p o s i t i o n  e f f e c t s  o r  t h e  r e l o c a t e d  g e n e s  may n o t  
f u n c t i o n ,  o r  may be  i n f l u e n c e d  t o  f u n c t i o n  i n  a  d e t r i m e n t a l  
f a s h i o n .  T h e r e  m u s t  a l s o  be  a  n o r m a l  and  r e g u l a r  c y c l e  
t h r o u g h  a l l  t h e  p h a s e s  o f  m i t o s i s  so  t h a t  t h e  c e n t r i c  f u s i o n s  
c a n  b e  d u p l i c a t e d  i n  t h e  s o m a t i c  t i s s u e .
H. f a r c i m i n o s a  f rom  S t u r n u s  v u l g a r i s , a p p e a r s  t o  be  
d i s t a n t l y  r e l a t e d  c y t o l o g i c a l l y  t o  H. d i m i n u t a , H. m i c r o s t o m a , 
H. n a n a , and  H. c i t e l l i  w h ic h  a r e  a l l  f rom  r o d e n t s .  H. 
m i c r o s t o m a  f ro m  t h e  b i l e  d u c t  o f  lius musc u i u s  i s  a l s o  r e ­
m o t e l y  a k i n  c y t o l o g i c a l l y  t o  t h e  o t h e r  a f o r e m e n t i o n e d  
s p e c i e s .  However H. d i m i n u t a , H. n a n a , a nd  H. c i t e l l i  seem 
t o  be  c y t o l o g i c a l l y  c l o s e  r e l a t i v e s .
Only a  f e w  s p e c i e s  o f  t h e  g e n u s  H v m e n o le p is  h a v e  b e e n  
k a r y o t y p e d .  F o r  c y to t a x o n o m y  o f  t h i s  g e n u s  t o  be o f  much 
v a l u e  i n  taxonomy m o s t  o f  i t s  s p e c i e s  s h o u l d  be  compared  a s  
s h o u l d  a l s o  be d o n e  w i t h  g e n e r a  i n  c l o s e l y  r e l a t e d  f a m i l i e s .
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